Application of the Liear-Quaratic-Gaussian with Loop,-Transfer-Recovery methodology to design of a control system for a simplified turbofan engine model is considered. The importance of properly scaling the plant to achieve the desired Target-Feedback-Loop is emphasized. The steps involved in the application of the methodology are discussed via an example, and evaluation results a presented for a reduced-order compensator. The effect of scaing the plant on the stability robustness evaluation of the closed-loop system is studied in detail.
[41, blind application of the methodology can result im totally unacceptable compensator designs. So it becomes important that the control system designer exercise certain precautions in the application procedure.
One of the important steps in the application of the LQG/LTR methodology is determining reasonable scaling parameters for the control and output variables.
The main objective of this paper is to point out how the choice of scaling parameters impacts the selection of the Target-Feedback-Loop (TFL) which is the starting point of the methodology. Another objective is to go through each design step in detail via a simple, yet insightful, example study so that the practicing engineer will have a ready reference available to assist in more complicated applications
In the folowing, the turbofan engine model is discussed and the design specifications are stated. The effect of scaling in the selection of the Target-Feedback-Loop is then presented and a full-order compensator is obtained using the LQG/LTR procedure. A reduced-order compensator is then obtained using a frequency-woighted, internally-balanced realization approach, an the closed-loop system performance, with this low-order compensator, is evaluated. Detailed stability robustness evaluation results are presented to demonstrate the effect of scaing on the stability margins "guaranteed" by the LQG/LTR procedure.
Enineg Model
The engine model to be considered for the control system design is a simplified linear model of a turbofan engie for a modern fighter aircraft. The engine model has the following state-space form [5] 'Controls Elngineer, Member AIAA. (10) and (12) will tend to meet the design specifications of the form (9) Fig. 5 . Comparng Fig. 5 to Fig. 4 (1) and (2) The actual control system implementation will be as shown in the block diagram of Fig. 8 , wherein the interface between the physical system (GP(s)) and the control system (Kp(s)) is at the points (1') and (2') . It is at these points in the loop that we need "good" stabEity margins.
If the compensator K(s), from Fig. 1 Fig. 8) had a lowest value of z 0.4 which is also much reduced from that for point (1) of Fig. 1 . The stability robustness of the closed-oop system as implemented in Fig. 8 Fig. 10 shows the EPR responses to these commands. From these figures we note that the closed-loop system provides well-damped decoupled command following with fast rise-time and zero steady-state error. Fig. 11 shows the fuel flow required to track the step commands while Fig 12 shows 
